ABSTRACT. This paper examines the dynamic linkages between house price indices, interest rates and stock prices in Malaysia using cointegration and Granger causality testing. For Malaysia as a whole, we find that house prices, stock prices and interest rates are not cointegrated. For Kuala Lumpur, Penang and Selangor we find that house prices, stock prices and interest rates are cointegrated for 40% of the house price indices. When there is evidence of cointegration in these regions, we find that stock prices lead house prices. While there are alternative potential reasons for this finding, such as slow adjustment of house prices in response to a shock in the fundamentals, it is consistent with a wealth effect. A likely explanation for this result is that in these states, compared with the Malaysian average, housing is expensive, income is high and real estate is used much more as an investment vehicle by both wealthy Malaysians and foreigners leveraging of the share market.
ing. Hence, the stock market will lead the housing market. This will occur through two channels because housing is both a consumption and investment good. One channel is that an increase in share market wealth will result in an increase in aggregate consumption. The other channel is through investment portfolio adjustment. When share prices increase, the share of households' portfolios in the stock market will increase and households will seek to rebalance their portfolios through selling stocks and purchasing other assets, including housing (Markowitz 1952) .
Second, stock prices may have an impact on house prices through channels other than wealth exposures. Stock prices are likely to reflect firms' profitability and profit-related remuneration of employees, such as bonuses. Hence, an increase in stock prices will generate an increase in the demand for housing as both a consumption and in-
INTRODUCTION
Housing and stocks can be considered as investment alternatives. Both real estate and stocks are often important assets in many investors' portfolios. Several authors have argued that commercial real estate offers diversification benefits to institutional investors because of its low correlation with commonly used stock price indices (see e.g. Quan, Titman 1999) 1 . Several explanations have been proposed to explain the potential dynamic interaction between house and stock prices (Kapopoulos, Siokis 2005; Piazzesi et al. 2007) .
One mechanism is the wealth effect, which suggests that households with unanticipated gains in share prices will increase the amount of hous-vestment good, which will, in turn, result in higher housing prices (see e.g. Green 2002) .
A third mechanism linking housing and stock prices is the credit-price effect, which focuses attention on the balance sheet position and collateral value of credit constrained firms. Since commercial and residential property can act as collateral for loans, when real estate prices increase, credit constrained firms are able to borrow more for investments. The credit-price effect tends to suggest that the housing market will lead the stock market because firms holding commercial real estate will have large unrealized capital gains that will mean that investors will bid up the equity value of the firm. However, since firms demand more land and buildings to carry out expanded investment, the price of property will also increase, suggesting an upward spiral in both property and stock prices and persistent feedback effects.
A fourth mechanism is composition risk, which relates changes in consumption expenditure to asset prices. Consumption-savings decisions depend not only on the size of future consumption, but also on their composition between housing and other consumption. During recessions, because investors expect higher future consumption, they sell stocks now to increase current consumption, which drives stock prices down. This inter-temporal substitution mechanism drives stocks down in bad times. Piazzesi et al. (2007) present a model in which investors' concern with composition risk implies that the size of the inter-temporal effect will depend on the share of housing in consumption. Recessions will be particularly severe when the share of housing consumption is low. Their model also implies low frequency swings in stock prices because the housing share changes slowly over time.
Fifth, sluggish and autocorrelated adjustment of housing prices to shocks in the fundamentals is likely to create lead-lag relations between stock and housing price movements. Because housing prices are slower than stock prices to adjust to shocks in the economic fundamentals, the leadlag relations identified by Granger causality can be due simply to the slow adjustment of the housing market. To put it differently, while economic fundamentals are important factors responsible for movements in housing prices, housing prices might react slowly to shocks in the fundamentals (see e.g. Clayton 1996; Himmelberg et al. 2005) .
Several studies have examined the relationship between real estate prices and stock prices (see e.g. Chen 2001; Sutton 2002; Green 2002; Sim, Chang 2006) . Most of these studies, however, are for developed countries. There are few studies of this sort for developing countries and those which exist are recent (see e.g. Liu, Su 2010; Ibrahim 2010; Ciarlone 2011; Gharaibeh, Alrabadi 2012; T. C. Lin, Z. H. Lin 2011) . Further studies for developing countries are important for several reasons (Ciarlone 2011) . Developing countries are becoming an engine for world growth. Because of increasingly integrated capital markets, developments in their housing markets can have as serious consequences for stock markets as in developed economies. Many developing economies have experienced substantial real increases in housing prices, often fuelled by rapid expansion in credit. There is a lot of interest in how this relates to movements in stock prices, particularly in developing Asia (T. C. Lin, Z. H. Lin 2011) . Finally, findings from developing countries are mixed, suggesting further research is needed. For example, Ibrahim (2010) finds evidence for a wealth effect in Thailand, while Ciarlone (2011) finds support for a wealth effect for a panel of 17 emerging economies. However, Liu and Su (2010) find mixed evidence of credit price and wealth effects in China. T. C. Lin and Z. H. Lin (2011) reach similar conclusions for six Asian countries. Gharaibeh and Alrabadi (2012) find that real estate and stock prices are segmented in Dubai.
This paper extends this literature through examining the dynamic linkages between the real estate market and stock market for Malaysia. There are no studies for Malaysia. A major motivating reason for studying house and stock prices in Malaysia is recent interest in movements in these asset prices in that country. Most interest in this issue in Malaysia centres on whether movements in housing prices and stock prices represent a financial bubble (Bryson, Kamaruddin 2010; Khan 2010) . The movement in housing and stock prices in Malaysia, in the lead up to, during and following, the Global Financial Crisis (GFC) has raised the issue of whether one market is leading the other or if there are feedback effects between the markets. Another reason for studying the interaction between house prices and stock prices in Malaysia is that it adds to the embryonic literature on real estate price and stock price interaction for other developing countries and adds to our understanding of the dynamic interaction between housing and stock markets more generally.
Specifically, in addition to testing the potential dynamic interaction between house and stock prices for Malaysia as a whole, we do so for the specific states/territories of Kuala Lumpur, Penang and Selangor. These are the three most economi-cally developed regions of Malaysia and areas in which investment and trading activities in housing markets are most active. In each case, in addition to using an aggregate price index for all housing, we use price indices for specific types of housing; namely, detached, semi-detached, terrace and high-rise housing separately. This is important because the strength of the lead-lag relationship between housing and stock prices will depend on the extent to which purchasing real estate is considered an investment and investors might treat different sorts of housing differently.
Consistent with the most recent studies on this topic (Chen 2001; Ibrahim 2010) , we employ a unit root, cointegration and Granger causality testing framework. Because the housing and stock markets have been potentially subject to structural breaks, such as the property boom and GFC over the period we examine, we allow for a structural break in the unit root test and take account of the impact of the structural break in our choice of cointegration test. While our primary focus is on the relationship between prices in real estate and stock markets, employing bivariate analysis is not satisfactory because the relationship between the variables might be spurious reflecting common factors (Quan, Titman 1999; Ibrahim 2010) . This suggests that other control variables need to be added. We use the interest rate, which is likely to be a key determinant of an investor's ability to borrow to finance investment in the housing market and stock market (Chen 2001) . The availability of credit has been shown to be important in reinforcing boombust cycles in asset markets (see Oikarinen 2009 ).
EXISTING LITERATURE
Most of the early studies which examined the relationship between real estate prices and stock prices were for the United Kingdom or the United States and focused on correlations between the two assets returns (see e.g. Ibbotson, Siegel 1984; Hartzell 1986; Worzala, Vandell 1993; Eichholtz, Hartzell 1996; Gyourko, Keim 1992) . There are also studies for countries other than the United Kingdom and United States, such as Hong Kong (Fu, Ng 2001) and Switzerland (Hoesli, Hamelink 1997) . The evidence on the contemporaneous correlation between housing and stock prices in these studies is mixed. Studies such as Ibbotson and Siegel (1984) , Hartzell (1986) , Worzala and Vandell (1993) and Eichholtz and Hartzell (1996) found the correlation between housing and stock returns to be negative. Other studies have found a contemporaneous positive correlation between housing and stock returns (see e.g. Gyourko, Keim 1992; Fu, Ng 2001; Hoesli, Hamelink 1997) . However, whether positive or negative, the correlations have been found to be sufficiently low to imply significant diversification opportunities (Oikarinen 2010) .
However, most of these studies provide no indication whether the stock market leads the housing market or vice-versa because no inference can be made about the direction of causation. One set of studies has examined the short-run dynamics between house prices and stock prices using Granger causality or impulse response functions. There are studies by Chen (2001) , using Taiwanese data; Takala and Pere (1991) , using Finnish data; Green (2002) , using data from four geographic regions in California with different housing prices; Kakes and Van Den End (2004) , using data from the Netherlands; and Kapopoulos and Siokis (2005) , using data from Greece. Sutton (2002) examined the short-run dynamics between housing prices and stock prices for Australia, Canada, the United Kingdom, the United States, Ireland and Netherlands using Granger causality testing. These studies have generally found that in the short-run stock prices lead, or predict, housing prices.
There are very few studies that have examined long-run interdependence between stock and housing prices. This is despite the fact that the longterm dynamic relationship between house and stock prices is of particular importance because real estate investment is typically a long-term investment due to its large transaction costs (Oikarinen 2010). There is evidence that dynamic interdependencies between asset prices may improve co-variation in the long-run. For example, Englund et al. (2002) presented evidence to suggest that the investment horizon does matter. These authors analyzed the composition of household investment portfolios containing housing, common stocks, stocks in real estate holding companies, bonds and t-bills. For short periods their conclusion is that the efficient portfolio allocation is to hold no assets in housing, but for longer periods low-risk portfolios should contain anywhere between 15-50% housing. Englund et al. (2002) estimated the correlation coefficients by a VAR model. As Oikarinen (2010) noted, if house prices and stock prices are cointegrated, Englund et al. (2002) would have underestimated the true horizon effect.
Among the few studies to examine whether there is a long-run relationship between house prices and stock prices, Barot and Takala (1998) and Takala and Pere (1991) found that there is a long-run cointegrating relationship in Finland using quarterly data between 1970 and 1990 . Using quarterly data between 1970 , Oikarinen (2010 found that a long-run relationship between housing prices and stock prices continued to exist after the abolition of controls on foreign ownership of stocks in Finland in 1993; however, the growth in foreign ownership of shares has induced a large, and long-lasting, deviation between housing and stock prices. Chou and Chen (2011) examined the relationship between stock and real estate markets in the United States using wavelet analysis and find mixed evidence of credit price and wealth effects. Hui and Ng (2012) used cointegration and Granger causality to examine the relationship between housing prices and stock prices in Hong Kong. They found some support for a credit price effect, but over time this disappeared and the markets became segmented. Some of the recent studies for developing countries have used cointegration and Granger causality to examine the relationship between housing prices and stock prices (see e.g. Ibrahim 2010; T. C. Lin, Z. H. Lin 2011; Liu, Su 2010; Gharaibeh, Alrabadi 2012) . However, as discussed above, these results suggest conflicting evidence of credit price and wealth effects as well as some support for market segmentation. The results differ for different emerging economies in Asia and the Middle East and across time periods. In a related study, Guo and Huang (2010) found that speculative capital inflow or 'hot money' into China has contributed to volatilities in China's housing market and stock market.
To summarize, a few key features of the existing literature emerge. First, most of the literature which has examined the relationship between house prices and stock prices has explored the contemporaneous correlation between the two prices or the short-run dynamics using Granger causality. There are relatively few studies which have examined the long-run dynamics between house and stock prices. Second, there are relatively few studies of the dynamic linkages between real estate and stock markets for developing markets and no studies for Malaysia. This is in spite of recent intense interest in movements in housing price and stock price movements in Asia generally and Malaysia more specifically. Since the GFC, in Malaysia housing prices have increased sharply, particularly in Kuala Lumpur, the Klang Valley (comprising Kuala Lumpur and its suburbs and adjoining cities and towns in Selangor) and Penang. In 2010 property prices in Kuala Lumpur and Penang increased between 10% and 30% within a period of 18 months (Sivalingam 2011) . House prices continued to grow, but at a slower pace, due to a slight drop in economic growth rates, in 2011. In 2011 the national house price index increased 6.1%. In Selangor house prices increased 8.9% in 2011, while house prices in Kuala Lumpur increased 6% in 2011 (Williams et al. 2012) .
THE MALAYSIAN CONTEXT
There are several reasons for the increase in housing prices. First, there has been an increase in foreign acquisition of property in Malaysia. The Malaysian government is keen to attract more foreign property investors, particularly from India, Singapore and the United Kingdom. Malaysia's Foreign Investment Committee has deregulated investment guidelines with a view to making it easier for foreigners to purchase property. To this point, foreign investors from India, Korea, Singapore and the United Kingdom have been the biggest investors in Malaysia, investing on average US$150,000 to US$300,000 with Kuala Lumpur, Penang and Selangor, among the most popular destinations 2 . This has stimulated prices at the high end of the market, in particular in these locations. Foreign investment in the high-end condominium market has fuelled the Greater Kuala Lumpur Mass Rapid Transit system in the Klang Valley, which will be an integrated rail network comprising two northeast-southwest radial lines and one circle loop around central Kuala Lumpur. It was announced in June 2010 and approved by the Malaysian government in December 2010. While it has not yet been completed, there has been a lot of foreign investment on the back of its potential benefits.
Second, a range of schemes exist to assist new homeowners to get a foothold in the housing market and help existing homeowners move up the property ladder. These schemes have created extra demand, putting upward pressure on prices. There have been a range of flexible mortgages available coupled with low interest rates to stimulate economic growth, following the GFC. These institutional developments have potentially been very important in explaining house price dynamics in Malaysia. Ortalo-Magne and Rady (2006) presented a life-cycle model of the housing market with a property ladder and credit constraint. Their model suggests that a powerful driver of the housing market is the ability of young households to afford the down payment on a first home. Ortalo-Magne and Rady (2006) also showed that down payment constraints on households affect the transmission of income shocks to house prices. Specifically, the volatility in the income of first homebuyers and the ability of first homebuyers to trade up is an important factor contributing to volatility in house prices. In Malaysia, in response to these institutional changes relaxing credit constraints, there has been substantial property development with increased volatility in the market.
Third, Malaysia is a developing country which has undergone rapid urbanization and demographic change as a result of structural change in the economy. The urbanization rate was 38.8% in 1980 before almost doubling to 62% in 2000 and 66.9% in 2005 (Ho 2008 ). Such trends create excess demand for housing and push up prices (Hui 2009 ). Demographic statistics from Ng (2006) suggested that the population in Malaysia consists of a much larger number of working adults than retirees. Over 60% of the population are in the working age group of 15-64, while less than 5% of the population are over 65 years of age. This implies that a bigger pool of first-time buyers and up-graders exists relative to the pool of households trading down, which push prices up (Hui 2009 ).
DATA
We used the Malaysian house price index data published by the National Property Information Centre (NAPIC) over the period 2000Q1 to 2010Q3. It contains quarterly house price indices for Malaysia as a whole as well as for specific locations. The house price index is based in 2000 so that each index equals 100 in 2000. A weighted average procedure was used to derive the overall indices for terraced houses, high-rise housing and aggregate overall housing at the state and national levels. The sample period is dictated by data availability. We used house price indices for Malaysia as a whole as well as Kuala Lumpur, Penang and Selangor. In each case we used price indices for housing as a whole as well as detached, semi-detached, terrace and high-rise housing. To measure the interest rate, we used the base lending rate (BLR) and to measure stock prices, we used the KLCI. We used the BLR instead of alternatives such as T-bills, primarily because the BLR is the reference rate for borrowing, especially for the housing mortgage rate. While underlying interest rates fluctuate more than the BLR, we use quarterly data where the BLR has fluctuated over time (see Fig. 1 ). Using the KLCI as the Malaysian stock price index does have the limitation that the KLCI does not account for households who have wealth in investments in foreign stocks. Data on the BLR and KLCI were collected from Datastream. All data were transformed to natural logs. Fig. 1 shows the time series plots for interest rates, stock prices and house prices. The KLCI has generally increased over time with a trough in the GFC. House prices for Malaysia and the three states/territories have exhibited a positive trajectory over time. Table 1 presents descriptive statistics of house price changes, interest rates and stocks prices. For the all housing price changes, Kuala Lumpur has the highest mean followed by Penang and Selangor. House price changes in both Kuala Lumpur and Penang are higher than for Malaysia as a whole. Turning to specific types of housing, price changes for Kuala Lumpur detached have the highest mean while price changes for Penang detached have the lowest mean. In Penang, price changes for high-rise housing have the second highest mean, but price changes for high-rise housing in Selangor and Kuala Lumpur have the lowest mean. That high-rise housing in Penang is more expensive than in Kuala Lumpur and Selangor reflects the fact that land is more limited in Penang. The Real Estate and Housing Developers' Association in Penang claimed that the high cost of land in Penang is the main reason for the high cost of high-rise luxury condominiums in that state. Land owners command a high price and this is passed on by developers in the form of higher housing prices (Mun 2010 ).
Changes in house prices in Penang are most volatile followed by those in Kuala Lumpur and Selangor where volatility is measured by the standard deviation. The coefficients of variation show that the relative volatility of house prices in Penang is the highest especially for detached and semidetached houses.
METHODOLOGY

Order of integration of the variables
We first applied the standard Augmented Dickey Fuller (ADF) unit root test. Perron (1989) showed that the power to reject the null of a unit root decreases when the stationary alternative is true and a structural break is ignored. Hence, to further examine the stationarity properties of the data for each series, we employed the lagrange multiplier (LM) unit root test with one structural break proposed by Lee and Strazicich (2003) . In contrast to the Perron (1989) and Zivot and Andrews (1992) ADF-type unit root tests, the LM unit root test has the major advantage that its statistical properties are unaffected by the existence of a structural break under the null hypothesis (see Lee, Strazicich 2001) . Lee and Strazicich (2003) developed two versions of the LM unit root test with one structural break. Using the same nomenclature as employed by Perron (1989) , Model A is known as the 'crash' model, and allows for a one-time change in the intercept under the alternative hypothesis. Model C, the 'crash-cum-growth' model, allows for Kuala Lumpur all house a shift in the intercept and a change in the trend slope under the alternative hypothesis (see Lee, Strazicich 2003 for more details). Sen (2003a) argued that Model C is preferable to Model A when the break date is treated as unknown. Further evidence from Monte Carlo simulations, reported in Sen (2003b) , show that Model C will yield more reliable estimates of the breakpoint than Model A. Hence, we reported the results from Model C because it is the more general of the LM unit root tests.
To select the lag length, we used the general to specific procedure proposed by Hall (1994) . We set the maximum number of lags equal to four and used the 10% asymptotic normal value of 1.645 to ascertain the statistical significance of the last first-differenced lagged term. After deciding the optimal lag length for each breakpoint, we ascertained the break where the endogenous LM statistic is at a minimum. The search is carried out over the trimming region (0.15T, 0.85T), where T is sample size. Critical values for the LM unit root test with one structural break are tabulated in Lee and Strazicich (2003) .
Cointegration and Granger causality
Once the order of integration of each of the variables is ascertained, we proceed to test for cointegration. The existence of cointegration would imply that even though individual series may be non-stationary, one or more linear combinations of them are stationary. We employed the bounds approach to cointegration, which has three major advantages for our purposes (Pesaran, Shin 1999; Pesaran et al. 2001) . First, the test is applicable irrespective of whether the variables are integrated of order zero (I(0)) or integrated of order one (I(1). Because we have only a relatively small sample of 43 quarterly observations, the power of the unit root tests to distinguish between I(0) and I(1) processes is likely to be weakened. Using the bounds testing approach to cointegration helps to lessen this problem.
Second, the bounds test itself has good small sample properties and is frequently applied to sample sizes of 30 or less when used in conjunction with sample specific critical values. We employed the small sample critical values for the bounds test 
where: β i are the long run parameters. The optimum lag orders for each estimation were chosen based on the Schwartz Bayesian Criteria (SBC) with a maximum lag of four. We tested the null hypothesis of no cointegration (H 0 : β 1 = β 2 = β 3 = 0) using an F-test. If the computed F-statistic exceeds the upper bound of the small sample critical values proposed by Narayan (2005), we concluded that the variables are cointegrated. If the F-statistic is below the lower bound of the critical values, the null hypothesis cannot be rejected. If the Fstatistic lies between its upper and lower bounds of critical values, the test is inconclusive. Long and short run coefficients can be derived from (1). Following Bardsen (1989) , the long run coefficients for IR is -(β 2 /β 1 ) and for SP, it is -(β 3 /β 1 ). On the other hand, the short run coefficients for IR and SP are δ ∑ i and λ ∑ i respectively from Equation (1).
Once it is established whether or not there is a long-run relationship between the series, we tested whether there is Granger causality between interest rates, house prices and stock prices. We employed a multivariate Granger causality test within the VAR framework to examine the dynamic relationship among the variables. If there is cointegration among the variables, the Granger causality procedure is based on the Vector Error Correction Model (VECM) where a one period lagged level of the error-correction term (ECT t-1 ) is added in the system. This is to capture the shortrun deviations of series from their long-run equilibrium path. 
The ECT is estimated from the long run relationship as below:
Note, this is the long run part from Equation (1), not the whole Equation (1). The optimal lag orders (k) for the VAR/VECM model are selected using the minimum value of the SBC. Besides indicating the direction of Granger causality among variables, the VECM framework can also be used to distinguish between Granger short-run and long-run causality. The significance of the Wald χ 2 statistic can be used to indicate any Granger shortrun causality between the independent variable and dependent variable. The existence of long-run Granger causality is indicated through the ECT t-1 where a significant t-statistic shows the existence of long-run Granger causality running from the independent variables to the dependent variable. We tested the null hypotheses below: Rejecting H 01, but not H 02, suggests that stock prices Granger cause house prices. Rejecting H 02, but not H 01, suggests that house prices Granger cause stock prices. Rejecting both H 01 and H 02 suggests the existence of a feedback effect between house prices and stock prices.
RESULTS
Based on the ADF test, at the 5% level or better, stock prices are I(0) and interest rates are I(1). Among house prices, some are I(0) and the rest are I(1) 3 . The results for the LM unit root test with one break in the intercept and slope (Model C) are reported in Table 2 . Model C suggested that interest rates and stock prices are I(1) and that 14 of the 20 house price indices are I(0) at 5% or better. As there are time series for which the ADF unit root test and Model C give different results, it is useful to consider which results are preferable. As Ben-David et al. (2003) noted allowing for a break does not necessarily produce more rejections of the unit root null, because the critical value increases in absolute value. Comparing the LM unit root test with one break (Model C) with the ADF test, a rule of thumb is where the two give different results, Model C should be preferred if the break in the intercept and slope are significant. The break in the intercept and slope are significant for Penang detached and high-rise, Kuala Lumpur all housing and terrace and Selangor all housing. Hence, overall we concluded that stock prices are I(0) and interest rates are I(1), while 13 of the 20 house price series for Malaysia as a whole as well as for Kuala Lumpur, Penang and Selangor are either trend reverting or reverting around a segmented trend. Turning to the location of the breakpoints, in Model C, most of the breakpoints in housing prices fall into one of four periods; namely, the recovery period following the recession of the early 2000s The results of the ARDL bounds test for cointegration are reported in Table 3 . We report both the F-statistic and the long and short run coefficients for interest rates and stock prices. White's test is used to examine the presence of heteroscedasticity in the ARDL regression estimation. If heteroscedasticity is detected, the problem is corrected with the White heteroscedasticity-consistent variances. Only six house price indices are found to be cointegrated with the other two variables in the model. These house price indices are Penang detached, Penang semi-detached, Selangor semi-detached, Selangor high rise, Kuala Lumpur all houses and Kuala Lumpur semi-detached. Oikarinen (2010) found that substantial growth in foreign ownership of Finnish stocks induced a large, and long-lasting, deviation from the cointegrating long-run relation between stock and housing prices. In Malaysia's case the rapid growth in foreign ownership of property, combined with increasing foreign ownership of shares, may explain the lack of cointegration for Malaysia as a whole as well as specific indices in specific locations. Following Narayan and Smyth (2006) , for robustness purposes, we also performed the analysis with inclusion of a time trend. The results are quantitatively similar to those reported in Table 3 and are available on request. Narayan (2005) with k = 2 and T = 40, case III.
_____________
The long run coefficients for stock prices are positive, while for interest rates the long-run coefficients are negative. Results for short run coefficients are mixed, with many being insignificant. We also conducted the cointegration test for HP = f (IR) and SP = f (IR) to check whether one of the assets can be excluded from the long run relationship. For HP = f (IR), only Selangor all houses was statistically significant at the 5% level with an Fstatistic = 6.8186. For SP = f (IR), the F-statistic = 1.9184 was not significant. This implies both asset prices are needed in order to have a cointegrating relation in the system. Table 4 shows χ 2 statistics for the Granger causality test in the VAR/VECM framework and the coefficients for the lagged error correction term in the last column. The coefficients on the six lagged error correction terms are significant at the 5% level or better with a negative sign, which confirms the finding from the cointegration test that there is a long-run relationship. This implies that changes in house prices are a function of disequilibrium in the cointegrating relationship. The coefficient on the error correction term denotes the speed of adjustment of house prices to the long run equilibrium. The adjustment speed ranges from 0.15 for Kuala Lumpur all housing to 0.93 for Penang detached. A value of 0.15 suggests that a deviation from the long-run equilibrium level of house prices in one quarter is corrected by about 15% in the next quarter. A value of 0.93 suggests that house prices adjust at 93% every quarter to restore equilibrium when there is shock on the steady-state relationship. Thus, given deviations from the longrun equilibrium, house prices adjust fairly fast. This result is similar to Ibrahim's (2010) study of the dynamic interaction between house prices and stock prices in Thailand, where the adjustment speed ranged from 0.26 to 0.87.
Based on the error correction term, in the long run stock prices and interest rates Granger-cause house prices for Penang detached, Penang semidetached, Selangor semi-detached, Selangor highrise, Kuala Lumpur all and Kuala Lumpur semidetached. However, we cannot find any significant evidence that house prices and interest rates Granger-cause stock prices in these six cases. In other words, Granger causality runs interactively through the error correction term from both stock prices and interest rates to house prices. The longrun coefficients on stock prices suggest that an increase in stock prices has a positive effect on house prices. This result is consistent with a wealth effect or higher firm profitability being reflected in employee bonuses. However, since housing prices typically adjust to shocks in the economic fundamentals highly sluggishly and slower than stock prices, Granger causality between stock prices and housing prices can also be due to the slow adjustment of the housing market instead of the existence of any wealth effect. In other words, it could well be that the economic fundamentals are driving housing prices, but housing prices just react sluggishly to shocks in the fundamentals. This would be consistent with vast empirical evidence of the sluggish reaction of housing prices to changes in the fundamentals (see e.g. Clayton 1996; Himmelberg et al. 2005; Eickmeier, Hofmann 2010; Oikarinen et al. 2010 and the references cited therein).
In the short run, the evidence is much more mixed and there are no clear patterns. Stock prices Granger cause house prices for three house indices; house prices Granger cause stock prices for five house indices; there is bi-directional Granger causality for eight house indices and segmentation for four house indices. Previous studies have generally found support for the wealth effect in the short-run (Green 2002; Sutton 2002; Kapopoulos, Siokis 2005; Liu, Su 2010) . Our findings are similar to those reported in Ibrahim (2010) , who also used indices for a range of different types of housing for a single country. He also found that the direction of short-run Granger causality depended on which house price index is used.
Overall, for Malaysia as a whole housing and stock prices are segmented, while there is more evidence of stock prices leading house prices, consistent with a wealth effect, in Kuala Lumpur, Penang and Selangor. The finding of segmentation of the overall house price index for Malaysia might reflect the fact that it represents the average house price of all states, where some states are less developed and not financially advanced as compared to the three states examined. The most popular forms of housing for Malaysia's middle classes are terraces, followed by semi-detached and detached housing. The results for these specific types of housing for Malaysia as a whole are consistent with 'Mum' and 'Dad' investors leveraging of higher house prices to invest in the stock market.
For Penang, Kuala Lumpur and Selangor there is more evidence of stock market wealth leading housing wealth than for Malaysia as a whole. This finding reflects the fact that real estate in these states could be considered as an investment vehicle to a greater extent than in economically less de- Notes: * ( ** ) *** denote statistical significance at the 10%, 5% and 1% levels respectively. A = 'all houses'; D = 'detached houses'; S = 'semi-detached houses'; T = 'terrace houses'; H = 'high-rise houses'; HP = house prices; IR = base lending rate; SP = Kuala Lumpur Composite Index.
veloped states. Specifically, both states and Kuala Lumpur are among the most popular for foreigners investing in the Malaysian property market. Kapopoulos and Siokis (2005) , in their study of house and stock price interaction in Greece, also found evidence of a wealth effect in Athens, in which there is a lot of investment in real estate, while other urban areas in Greece exhibited a creditprice effect. In addition, housing in Kuala Lumpur, Penang and Selangor is relatively expensive compared with the rest of Malaysia. As noted by Green (2002) more expensive markets are prime candidates for the wealth effect to be large.
CONCLUSIONS
This study has examined the dynamic linkages between house prices and stock prices in Malaysia. For Malaysia as a whole there is no long-run relationship between house prices and stock prices.
One is more likely to expect evidence consistent with a wealth effect in specific locations where there is high income pockets and relatively expensive real estate (Green 2002) . Consistent with this perspective, there is much more evidence of stock prices leading house prices, consistent with a wealth effect, in the developed regions of Kuala Lumpur, Penang and Selangor. In these states, compared with the Malaysian average, housing is relatively expensive, income is relatively high and real estate is used much more as an investment vehicle by both wealthy Malaysians and foreigners who are more likely to leverage of shares. It is important to emphasize, though, that where stock prices lead house prices this is at best consistent with a wealth effect. The finding that stock market returns Granger cause housing returns does not prove a wealth effect per se, since the lead-lag relation can be explained by other factors as well.
Other possible explanations include sluggish adjustment of house prices in response to a shock in the fundamentals. With this proviso in mind, the fact that stock prices lead house prices for six house price indices across the three developed regions, tends to put the stock market centre stage and suggests that the stock market is important for stability in the real estate market, at least in the developed regions. This result is similar to Ibrahim's (2010) findings for Thailand. He argued that the burst in the Thai housing market following the Asian financial crisis in 1997-1998 was a result of declining stock markets. The result is also consistent with the findings in Mun et al. (2008) that the stock market Granger causes economic growth in Malaysia. The policy implication of finding evidence consistent with a wealth effect for six house price indices across Kuala Lumpur, Penang and Selangor is that policymakers should implement policies to promote stability in the stock market. Along these lines, Securities Commission Malaysia launched a five-year Corporate Governance Blueprint in July 2011, which provides an action plan to raise the standards of corporate governance in Malaysia by strengthening self, and market, discipline and promoting greater internalisation of the culture of good governance (see Securities Commission Malaysia 2011). The Blueprint focuses on six connected themes of the corporate governance ecosystem; namely, shareholder rights, the roles of institutional investors, boards, gatekeepers and influencers, disclosure and transparency as well as public and private enforcement.
